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INTRODUCTION
The Interpolation subroutine of the Haystack Pointing System is the last program to handle pointing information before it leaves the computer.
The subroutine operates in the two second cycle of the Pointing System "without any operator intervention. It interpolates for the required number of data points and converts the pointing information into proper format for the external equipment.
The Interpolation program accepts azimuth and elevation angles computed at two second intervals and interpolates 500 values of each at k millisecond intervals. The interpolation is handled so that dynamic servo error corrections can be added to the azimuth and elevation angles. The program computes doppler from range rate, makes a time correction for one-way transit time, and similarly interpolates to get 500 doppler values for every two second interval. Also the average range is computed for each two second Let us designate four points of the desired antenna azimuth angle by F , F , F , and F for T-2 sec, T , T + 2 sec and T+ k sec, respectively. The values of azimuth angles between T n and T n +2 sec are to be interpolated. The interpolation is done in two parts: first, 25 equallyspaced points are interpolated between F and F by a four-point formula, and then 9 points will be inserted between these interpolated points by linear interpolation.
The four-point formula, which will also insert a time shift and perform dynamic compensation, is of the form 
The remaining points are computed by linear interpolation
where I is an integer which ranges from zero to nine, and F is the value z of the desired function.
The errors due to these interpolation formulae are negligible as compared to the system error for typical expected target trajectories.
The basic quantities that do the work are C.. of Bq. (2). The values of the coefficients can be computed so that some of the dynamic servo error is eliminated. If no servo compensation is desired, the coefficients are derived from a third-difference Bessel's interpolation formula.* The time delay A is added to take out the delays of the interface equipment and asynchronism of the computer and encoder systems. While any correction that is of the form of Eq. (k) can be added, the values of K. are related to the servo error constants.
The values of the constants will have to be measured experimentally.
ELEVATION INTERPOLATION
The elevation pointing angles are interpolated by the same method as the azimuth angles. Since the elevation servo response is expected to differ from the azimuth servo response, the values of the correction terms in the interpolation coefficients -will be different.
RANGE
The average range for the interval between T and T + 2 sec is computed by 
Where R is the computed range at T~ and 0 ° R-, is the computed range at T. + 2 sec.
x U
DOPPLER IWTERPOIATION
At main bang time, the radar receiver will request a doppler frequency.
The frequency that it expects to get should correspond to the doppler shift due to the instantaneous range rate at the time the radar pulse hits the target. Hence, the doppler shift should be computed for one-way transit time later than when it is requested. Since the range is a slowly-varying function, and since the doppler shift is approximately a linear function of time, we can compute the one-way transit time and an average doppler rate and add their product to the doppler frequency at main bang time.
The one-way doppler shift is approximated by 
Here only three multiplications are required instead of the four in the original form.
The program for computing this interpolation consists of two main parts an initialization portion and an interpolation portion. The initialization portion is used while the Pointing System is being initialized and the interpolation portion is used in every two second cycle. Since the interpolation portion of the program has to run very fast, a lot of computations were done in the initialization portion of the program. The complete listing of the interpolation program is given in the Appendix.
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